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Ring closing metathesis may be used in the formation of
small ring bicycloalkenes from monocyclic diene pre-
cursors.
Ring closing metathesis (RCM), catalyzed by transition metal
carbenes, has recently become an established method for the
conversion of dienes to cyclic olefins.1 While many applica-
tions of RCM have been reported,2 only a few have involved the
formation of bridged bicyclic compounds. The reported exam-
ples all involved macrocyclization (ring sizes > 12 atoms)
except one, which involved the formation of a seven-membered
ring leading to a bicyclo[9.5.1]alkene ring system.3 Since small
ring bridged bicycloalkanes and heterocycles are ubiquitous in
natural products, the application of RCM in ring closures of this
type would potentially lead to greatly broadened utility of this
method.
A series of monocyclic diene substrates was synthesized† and
the ring closure promoted by the well-defined ruthenium
benzylidene complex4 was examined [eqn. (1)].‡ The results of
the cyclization reactions are summarized in Table 1.
The ring closure of five-, six- and seven-membered rings to
form [3.x.1], [4.x.1] and [5.x.1] bicycloalkenes is a relatively
facile process (entries 1, 2, 5, 6 and 8), while ring closure of
eight-membered rings to give bicyclo[5.x.1]alkenes does not
occur (entries 3, 9 and 10). Variation of the reaction tem-
perature, concentration of the diene and catalyst type (Mo
catalyst5) had no influence on the formation of the eight-
membered rings, as starting material and oligomers were the
only products isolated. 
Formation of the bicyclo-[3.2.1]- and -[3.3.1]-alkenes when
the six-membered ring is being closed is extremely facile
(entries 1 and 6). In general, as the ring closure becomes slower,
other processes such as dimerization may start to compete.
Lower concentration disfavors the intermolecular coupling
relative to the intramolecular ring closure, and allows clean
formation of the products. Raising the temperature to that of
refluxing CH2Cl2 was necessary only when the substrate was
sterically hindered (entries 4 and 5) or the cyclization was very
slow (entry 8).
The enthalpies of ring closure (including formation of
ethylene) were calculated using the MM2 forcefield and are
included in Table 1.6 In general, if the calculated enthalpy is less
than ca. 10 kcal mol21, the ring closure should be favorable due
to the entropy gain from the generation of ethylene. An
interesting comparision may be made between entry 5 and entry
3, both of which are calculated to have DH ≈ 13 kcal mol21.
For substrate 1 (entry 5), the kinetic favorability of ring closure
for five-membered rings, coupled with the loss of ethylene to
the atmosphere, drives the reaction to completion. Note that at
higher concentrations (entry 4), the yield is much lower, as a
result of a significant amount of polymer being formed,
suggesting that endothermic ring closures are possible if the
concentration is kept below the critical concentration for
polymerization. In the case of the eight-membered ring (entry
3), although the same loss of ethylene would occur, the ring
closure is sufficently slow as to be non-competitive with
polymerization. Linderman et al. have recently reported the use
of removable But3Sn groups to overcome the entropic barrier
allowing formation of eight-membered rings,7 a strategy that
could potentially be applied here. The molecular mechanics also
suggest that the silyl-protected alcohol plays a small role in the
cyclization by decreasing the enthalpy of the ring flip to the bis-
axial conformer needed for the ring closure by ca. 1 kcal mol21
relative to the unprotected alcohol.
In conclusion, a number of small ring bridged bicycloalkenes
have been synthesized from monocyclic dienes, demonstrating
the power of ring closing metathesis to form carbocycles that
contain a significant amount of strain.
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Table 1 Conversion and ethalpies for ring closure of monocyclic dienes
DHa/
Entry Substrate n m Conc./m [Ru] (mol%) T/°C Yield (%) kcal mol21
1 1a 0 1 0.050 5 RT 87 1.2
2 1b 0 2 0.005 5 RT ( > 95 Conv.)b 6.9
3 1c 0 3 0.005 10 Reflux Oligo 13.1
4 1d 1 0 0.050 5 Reflux 41 13.3
5 1d 1 0 0.005 10 Reflux 84 13.3
6 1e 1 1 0.050 5 RT 95 1.7
7 1f 1 2 0.050 5 RT Trace 10.0
8 1f 1 2 0.005 10 Reflux 96 10.0
9 1g 1 3 0.050 5 RT Oligo 17.5
10 1g 1 3 0.005 10 Reflux Oligo 17.5
a MM2 Calculations. b Conversion by NMR spectroscopy.
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† The substrates were synthesized by addition of the appropriate Grignard
reagent to 3-vinylcyclohexanone or cyclopentanone, and protection of the
tertiary alcohol with the tert-butyldimethylsilyl group. The cis and trans
isomers could be separated for the six- membered ring substrates, but not the
five-membered ring substrates. The five-membered ring substrates were
cyclized as mixtures and the product separated from the uncyclized trans
diene by chromatography.
‡ Typical experiment procedure for 1-(tert-butyldimethylsilyloxy)-
bicyclo[3.3.1]non-6-ene (2e). The silyl ether protected diene 1e (630 mg,
2.25 mmol) was dissolved in 45 ml CH2Cl2 and treated with [Cl2(Cy-
3P)2RuCHPh (ref. 5) 92.4 mg, 0.11 mmol, 0.05 equiv.]. The initial red
solution rapidly turned light brown, was stirred for 4 h, and the solvent was
removed. The brown oil was purified by filtration through silica gel using
hexane as the eluent to give a clear oil (540 mg, 2.14 mmol, 95%): dH (300
MHz, CDCl3) 0.08 (s, 6 H), 0.86 (s, 9 H), 1.34–1.38 (m, 2 H), 1.45–1.86 (m,
6 H), 2.13–2.32 (m, 2 H), 2.56–2.60 (m, 1 H), 5.52–5.57 (m, 1 H), 5.69–5.74
(m, 1 H); dC (75 MHz, CDCl3) 21.7, 17.9, 19.7, 25.8, 28.1, 34.2, 41.0, 42.4,
42.7, 71.9, 127.8, 129.0; n(film)/cm21 3023, 2930, 2855, 1472, 1253, 1112,
1013, 835.
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